The paper is concerned with the molar flux of oxygen in the capillary blood when oxygen diffuses from blood to tissue fluid at the middle section of the capillary bed where blood pressure and osmotic pressure of blood are equal. The result shows that the molar flux decreases exponentially with the radius of the capillary. Moreover, it is found that the molar flux increases linearly with the increasing of radial diffusion of oxygen.
INTRODUCTION

Capillary-tissue fluid exchange occurs in capillary bed where blood and tissue fluids are in proximity, enclosed by endothelial cell layer that surrounds all the cells in the body. Blood moves away from the heart, branching off from arteries in arterioles, and then into capillaries where oxygen and nutrient enter the tissue fluid from the blood, and carbon dioxide and urea leave the tissue fluid to the blood. Capillary-tissue fluid exchange occurs through a membrane that is one cell thick and allows for rapid diffusion of molecules from blood to the tissue fluid and tissue fluid to blood depending on the concentration gradient. Blood pressure and osmotic pressure of blood are major factor for diffusion of molecules. Fluid exchange occurs at three steps. Theses are:
1) At the arterial end of the capillary: blood pressure is greater than the osmotic pressure of blood in this region. Thus the result is the net movement of blood plasma from capillary into the tissue fluid. That is, blood discharges oxygen and nutrients like amino acid and glucose in the plasma. The high blood pressure pushes fluid including oxygen, water, amino acid and glucose into the tissue fluid. Large molecular like red blood cell and plasma proteins cannot cross into the tissue.
2) Blood pressure is equal to the osmotic pressure of blood in the middle of a capillary bed and there is no net movement of fluid from blood to the tissue fluid. But nutrients and wastes move with their concentration gradients, which move high concentration to low concentration. In this area, oxygen and nutrients are in high concentration in the blood and they diffuse from capillary to tissue fluid through the capillary wall. On the other hand carbon dioxide and other water cells are in high concentration in the tissue fluid than capillary bed, as a result they diffuse from tissue fluid to the capillary bed. The transport of molecules (oxygen and nutrients) from capillary blood plasma to tissue fluid through capillary wall are all based on the Krogh's cylinder model, Krogh (1) . The assumptions are, all capillaries and surrounding tissue are equal diameters and are 227 homogeneously dispersed in the tissue. Transport of oxygen in the capillary region depends on convection, diffusion and rate of generation of oxygen due to the dissociation of oxyhemoglobin. In the tissue region, there is diffusion of oxygen and consumption of oxygen by the tissue cells. Bird et al. (2) suggested that temperature gradients and external force also contribute to the diffusion flux, although their effects are usually minor. Brid et al. (3) also suggested that Fick's equation evaluates diffusion as a flux " measured with respect to the motion of the center of mass ". Since Fick's law equates diffusion to a gradient relative to the external coordinates. Due to the low Peclet number in capillary blood flow, convective transport can be neglected, Aroesty et al. (4) . Ellsworth et al. (5) has been developed for use in capillaries in striated muscle but should be generally applicable to the measurement of capillary oxygen saturation in other tissues.
From the above literature, we can see that all the study of molar flux regarding O 2 diffusion concentrated experimentally but we have tried to find out theoretically the fluid exchange at the middle section of capillary bed where blood pressure and osmotic pressure of blood are equal and materials move by diffusion.
MATHEMATICAL FORMULATION
Oxygen transport in the capillary occurs by passive diffusion. According to Krogh's cylinder model in capillary region, the transport of oxygen depends on diffusion, convection, and rate of generation of oxygen to the dissociation of oxyhemoglobin. The mathematical expression of above model becomes
where c is the concentration of oxygen, D b is the diffusion coefficient of oxygen in blood as the harmonic mean of hemoglobin and plasma diffusion coefficients. d (c) be the rate of generation of oxygen to the dissociation of oxyhemoglobin.
Dt D stands for connective derivative expressed as
where v is the velocity of the blood.
But rate of generation of oxygen to the dissociation of oxyhemoglobin can be expressed as
where N is the oxygen bounding capacity of blood, and S is the oxygen saturation. By Hill's equation for oxygen saturation S in terms of partial pressure p is where p is the partial pressure of oxygen and p n 50 denotes the partial pressure at 50% oxyhemoglobin saturation. Considering normal human blood at c 0 37 and p H = 7.4, the derived constant p 50 is 26 mmHg and n is 2.7.
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The relation between partial pressure and concentration of a dissolved gas in the liquid is described called Henry's law: Due to the low Peclet number in capillary blood flow, we can neglect the convective transport. Axial diffusion also is neglected because of the ratio of the magnitude of the term containing axial diffusion and the magnitude of the term contain radial diffusion is usually very less then one. Then Eq. where D r is the radial diffusion coefficient of oxygen.
The concentration gradient is obtained from Eq. (7) as steady state case, that is, neglect the time dependent term as We can obtain molar flux J r in the capillary blood by using the Fick's first law of diffusion, which is proportional to concentration gradient. That can be expressed as This is the required model for finding the molar flux verses concentration in the capillary taking r i -r 0 = r.
SUMMARY AND CONCLUDING REMARKS
The molar flux in capillary blood has been studied theoretically. We considered partial differential equation for capillary region and neglected convective and axial diffusion of O 2 from this equation based on small Peclet number and Fick's first law that produced Eq. (11). Figure ( 2) which is derived from Eq. (11), shows the molar flux (J r /(c 0 -c i )) decreases with the increasing of radial distance of the capillary for different values diffusion coefficient of oxygen (D r ) in blood. Similar trend of the graph can be found using the values of different diffusion coefficient measured by several researchers (Fig. 4) . On the other hand, Fig (3) shows that the molar flux increases linearly with the diffusion coefficient. In Fig. (2) , J r /(c 0c i ) can be seen maximum at r® 0. If J r /(c 0 -c i ) goes to zero as r® µ then at some point the oxygen molar flux will be zero. Otherwise if (c 0 -c i )=0 i.e. there is no concentration difference then Eq. (11) shows that, there is no molar flux along the axial axis of the capillary. This suggests that there must be concentration difference, implying that partial pressure difference (by Henry's law) for diffusion of oxygen (gas), otherwise diffusion does not occur. We can conclude the effect of the radial distance of the capillary on the expression J r /(c 0 -c i ), since that is inversely proportional to the radius. Eq. (11) also suggests that for diffusion, there must be a membrane between the two medium, since above equation does not exist at r = 0. In general the diffusion coefficient of oxygen through tissue appeared to be equal to that of through water by the fraction of the tissue composed of water. Several researchers (Rashevsky (6) , Jones and Kennedy (7) , Jones (8) , Clark (9) , etc.) used different values of diffusion coefficient that is mentioned in Table 1 . 
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